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i rationale is presented for a preliiinary , 
specification of instractional oatcdses for a pxiiary grade scieice 
ctirrlcalaft in teras of analytic 'n&ttror}i5 and task domains** Saoh 
specif icatiops' can serve as a definition of boandaries for 'skill 
anal7sis, the selection of systeiic And particular contentf aBd thd 
construction of itea forts* Three analytic networks and associated ' 
ta§k doiains ar« described, ' and instructional outcomes are specif ied- 
(IS) ■ ■ ' . 
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AHALYTIC HETWOBKS AND TASK DOHAIKSV^R A FSIKAB; GRADE SCIEHCE 
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' ABSTRACT 

A ratlon«ie is prftitnted for a preliminary speclflcatlcm of 
instructional. outcomes in terns of analytic networks and task 
domains. Such specifications can serve as a definition o£ 
boundaries for skill analysis » the selection of systemic and 
particular content, and the coastnictlon of item forms. Thtee - 
analytic ne^orks and associated task domains are described 
specifying instructional outcomes for a primary science clirriculum. 
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ASALYTIC SETWOBKS AiO) TASK DOMAISS FOR A PRXMAH? GRADE SCIEKCE OfRRICULeH 

the design of^lnstructlOD^ specification of desired J^miajt 
outcosies can be viewed as having two interrelated aspects: structural 
and operational. The structural aspect refers to relevant subject 
matter content and its logical structure^ while the operational aspect 
refers to what the learner does with that content. This paper discusses 
the ralation between these two aspects^ describes various levels of 
analysis for each aspect^ and finally presents structural and opera- 
tional speclficationt for a science cotcponent of a primary grade 
curriculum. These specifications define a doiaain within which detailed 
skills analyses and eispiric^l investigation of instructional problems 
can be carried out. A centtal assumption underlying th^ current 
analysis is. that appropriate coordination of the structural and opera- 
tional aspects of learning outcomes can result* in the developiDent of 
skills with ''considerable generality and transfer potential. 

STRUCTURAL AND OPERATIONAL ASPECT^ OP INSTRUCTIONAL OUTCOMES 
In a previous paper (Smithy 1972) three levels of analysis were 
proposed for describing the^ structural aspect of instructional outcomes. 
At the systeptta levels spedlalised concepts of discipline -or subdiscipline 
3re specified (e.g*» weighty cost^ mamcial^ and electron). The analyti<^ 
lev^ represents an abstraction of the logical structure of the systeaii 
content. B^ch systemic concept 1^ an exainple of some aifalytic concept 
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(e.g,, "veighc*' is an exaitp^ie of a "variable name," while "macnaal" 
is an exaniple\of a "class name"). Finally, the parti^hiT concent 
involves che specific inaCerlals, evenCs and so on which used Co 
exeisplify che syscamic c^CenC (e.g., "manmaV cdghc be exemplified 
by pictures of lions ^ horses, elephants, and people)* 

Specificacion of.concanc ac these three levels* Eoas noc, by 
itself, define Che operaciooal aspecc of an jjxstructional component, 
thac is, what che learner should be able co^ do vich chat content. 
However, the structure of content as, reflected by netvorkii.or 
related anslytLc concepts has deflniCe implications for uper^ttlonn 
appropriaCe to che contcnc. 

For example, the vatlable*^ value analytic network includes the 
following compontnts: 

<f 

elements - 'Hie phenomena to be described, compared, 

related or othervise studied (e.g., 
' , ^ objects, events, systems, and sets). 

, variable .name - ' The^j^ame of an aspect or. dimension on 

which elc^nts may differ (e.g., color, 
weight, ana jco^t) . 

values - ^ , The terms t numerals or other symbols 

' available for adalgnment '.to elementa 
for a variable (e.g. , red, four pounds 
fifty cents) 

observation/measurement - The standard procedures or algbrith^os 
procedj^re used to assign values of a variable to \^ 

^ particular elements (e.g., use of a < 
centigrade thertaometer for determining - 
temperatures) . 
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Concepcual systems examplifying che a^ructure represenCed by^tt^c 
^variable-value necwofk are amenable to operational requirements which 
reflect that structure. The kinds of informati'gji which serve as inptit 
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and output for a given operational requlret&ent cao bk classified 

tem^ of analytic^ conceptg^ A des'criptlon of ^ao ope|ratlonal require* 

ment with the Input/output relations 4ef Inc^ in terns o£ analytic 

concepts is called a task description* For exaisple^r one task can 

be described as follows; oarvt^ out €0t cbB&rt>atio7i/niea8urement 

• - J 

procedure to detemine vkich value of a named variable accuratehj 

deBCT^ibes a given element* The Input for the task is ^ elerr^ent and 

a variable name. The output is an obs'ervation/meaqurement procedure 

and a value, * , " 

By selecting systemic and particular content/ and by specifying 

the instruction^, an item exeopllfylng.a given task may be constructed. 

For exatople* one item can be fortned by selecting weight as the variable 

and a particular sea shell as the element, and by apecifylTig the lostrt^c- 

tlon as, ""'Determine the weight of this objects." Although access to any 

needed equipment would have .to be made available, no direction to that 

equipment would be given since the tksk.does not specify the observation/ 

measurement 'procedure as input. It vlorTt be provided by the individual 

performing the task. Clearly the|:^sk:^epre3ents a large number of 

Items^ differing as to the varlat^l^ name, the object, and the Instruc- 

/tion as well'as the details of the general context. At the analytic 

level, however, these items share a comogn structure. 

Beyond their use in describing existing Items, the components of 

. 

an analytic network define xthe kinds of information or actions which 
can potentially serve as input and output in items. ^ Thus, any. two 
^bsets of components Df a network are suggestive of a potentially 



iinporcanc cask. The deflniclon* of the c;pctpooents can be used -Co 
Incerprec inpuc-^oucpuc cocblnaclons u casks vhlch are laeaningful for 

chac network. For exaisple the inpuc-oucput conilnaclon ~ 

*? 

Input: , variable naae 
output: value, 

la meaningfully Interpreted as supplying values conventionally associated 
with the given variable nase. Once a task has been defined for ^ 
analytic network, It identlflea an'operatlcnal requirement appropriate 
to any (Conceptual ayateo exemplifying that analytic network. The task - 
than provides the basis for generating item. 

The apeclflcatlon of a tatk does not indicate the Infornation 
processing strategies, perceptual-niotor perforaances, or other skill 
coteponenta by whidt items eTcevplifylng that task might be carried out. 
Bovever, the probability of pi^off frPn detailed behavioral at^lyses 
is greatly increased by prior~8election of in^ortant tasks constructed 
from analytic networks which span large domains of systemic and 
particular content. If a latga number of systemic examples of the 
analytic cbncepts exist, than tasks deacribed in terms of those concepts 
necessarily have an equally large nmber of. potential applications.. If 
behavioral analysis of poas4Me modes of perfopnance la several applica- 
tions of a taak reveals similar skill components,' the generality 
and relevance of the skills selected for tuning will be asaured. 

From the' point-of-vlev described above,, the initial apeclflcatlon 
of the atructural and operational aapects of the ou^tcomea for an 
inatructional component should be in terms of analytic networka and 

■ ■ ■ ' ' 




^eoclated task doffi^^ns, respectively*^ TbeA Initial specifications . 
. nay be*xevi«ed in llg&t of the fesulti of subsequent benavloral analysis 
and eisplrical studies of X^amlns end performance on Items for specific 
tasks. Rovever, such specifications define a restricted domain within 
which further detailed analyses «y be carried out. 

AHALVnC NETWORKS FOR USE IN INSTRUCTIONAL DESIGN FOR SCIENCE 
INQUIRY OUTCOMES IK A PRIMAST, GRADE CUBRICULOJ! 

Several analytic networks have been Identified which characterize 

the structure of much science content in existing primary science - 

programs (Smith, 1972). Three analytic networks were selected as a 

basis for instructional design work: the variaMe-valik i^tetwork, the 

class-member network, and the lntra*e],e»ent relstlon'network. \ 

t 

As defined alcove, the vsrlable*v«11» network Is built on the 
idea of primitive entities or elements. When these entities are 

described, compered or othervise'sttidled, only certain aspects of 

i 

them are considered. These aspects are characterized' in terms 
valu&a for dimensions or variables. Each variable is associated 
wjrth- one or-^mere obs^rvation/meaflurement procedures. 

The class member network la built upon the varisble**value networkl 

. 

This relationships is" reflected in the following definitions- for the * 

analytic concepts comprising the class^member network. 

class A deslgneted set of elements (e.g.,. the 

set of zebras) . 

class mtmber ^ An element which is in a class (e.g., 

a particular zebra)* 

■ ■ '7 . 



class rule - ■ ' "A decision rule by which ic may be 

d^etemlned whether or noc an elenenC 
Is a ae^er of a class, conslsclng of 
values and logical connecclves (e*gv, 
* . ■ ao anlaal vfalch has four legSt black 
and vhlce atrlpes, ecc.) 

Name applied Co ao*elemenC as a con- 
sequence of ICS membership In a specific 
class (e.g., ''zebra'*). " ' 

A value caployed. in a cltos rule (e.g., 
four legged)'. 

A variable whose values are en^loyed^ln 
the rule for a class or In Che rules for 
a sec of classes (e.g., number of legs). 

' A ^ aec 'of mutually exclusive (palrviae 
disjoint), 'classes^ constlcucing a super* 
.ordinate class^(e.g., the sec of animal - 
apecles) ^ 

A^cttm or phrase referring *co a specific 
parkicion^ chac is, co a specific set of 
mutually exclusive subclasses' of a specific 
suparordinate class (e*g:, "species of 
animal**); ' . , 

Although some clashes may be adequately dealc vl,ch in isolacion, mosc 

seem co require Che concexc of a System of relaced classes. For chis 

reason, che lasc two anaXyCic concepts were included from the oucsec. 

The chird analycic network Selecced was che incra*elemenc relacions 

network* Incra^element relacional ruj.es specify a relacion between an 

elemenc*s membership one class and its membership in another class * 

defined in terms of different relevant variables.^ Thus, theae rules 



class name * 



defining value - 
(for a class) 

relevant variable - 
(for a class or 
set of classa^y 

partition * 



partition name ^ 



^Simple taxonomlc heirarchias which simply add^furtbet defining 
values to the class rules are not included here. Such relations can l>e 
derived directly from the class rules. Thi^ is 6ot th'^ case for intra* 
element relations* 
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felate one set of / ch3r8t;^jtfristlci of ao elcrae;it {those spectfterf bv the 
,ruTc f^r onr r^lj^s^X't** nnopher Bet "of character is ttcs for the same 
eicifcent (thdse' apeclficd by the rule for the second claseX** For 
^ex^ople^ t^e reiationft^L rulB -*'clay soils li^w' a'lsrge ifater holdiag 
capacity/' relstea the defifilng valjiea of clay «oi^s (i.e.* their 
particle size aad cheiqical cosposttion) to a vslue (large^ for a 
different variable (wster holding capacity). Typically, many : . 

intrs-element relstione sre expressed in tenas of the cla^Bes <bf 

J- -■ 

important partitions of the elenent studied in a given discipline. 
« ■ 

Agronotrista use irany rfeiationtf, such^'as the above exanple,, involving 

the composition partition And,.tfa« water holding capacity ^partition 

of< soils. .V . ' / // - 

. In addition to the components the claBS?>^mber network, the 

following are cotiq}dnentf of the intrs-^alei5en& relations' ne'tirork: 

Intra-elemen^ relation - A-relatipn between membership in one 

clai's -and memberahip in another cXasa^ 
i.e., between the corresponding, seta of 
defining values (e.g., clsfts iT):clusion) . 

\ intra*element ^ A rula specifying an intra-^lement - 

relational rule - relation between twd dasaes .(e.g., 

^ **clay soils have ^ a large water holding 

^ ^ capacity")"!^ 

related, classes - , An ordered pair of cXaases -defined bv 

' - different relevant variables, and between 
•which a9 intT*-*eiem^nt relatiori'-lhoids 
(e.g., clay soils and soila with high 
^ ' water holding cspscity). 



^ ■ 

' ^In the limiting case, the rule merely relates a value of a aingle 
variable to a value of another variable for a :set of elements. When^a, 
value of a single variable occurs in an intra^eleme^t relational rule, 
it will be treated as a clasa rule with, a single defining value. 



relaced parclclons Two partlclons of a sui^erordlnace class 

whicb^-^re-detlned oa different relevanc 
variables, such chac^c lease one class 
of one ptrclclon Is rela^ced co at lease 
one claas of che ocher the soli 

composlElon parclclon and che soli wace^ 
capaclcy parclclon). 

iKere were several reasons for selecclng chese networks. The flrsc 
was che scope of chelr appllcaclons. Each found Co reflecc che *^ 
scructure of a considerable porclon of ch£ syscemlc and par,clcular 
concenc of extanc orlniiry science programs (Smlch £t McCIeln^ 1972; ^ 
McClaln, 1972). Furcher supporc for chtlr generallcy Is provided by 
che,accenclon ^lv«n Co analyclc concepc* from chese networks by \ 
philosophers of science. 

Second} chese. chrt* networks are Incerrelaced In M fundanencal 
way. The .varla^Xe-value network provides a foundation for che class* 
member, necwork while boch of th«se underlie the reXaclonaX ne^ork 
(see Figure X). Alchough ic m'lgltc noc be necessary Co carry the 
anaXyses chrough to che reXatlonaX XeveX for the primary curriculum, 
ic Is chac level ac which che power and uClXlcy of che varlabXe-vaXu^ . 
and cXass-member nec works are revealed. An ana,iysls of che varlabXe-vaXue 
or cXass-member necworks In IsoXatlon m£ght falX to provide an adequ;ace 
basis for che relatlonaX necwork. Further* ic Is quite XlkeXy chat 
Inscrucclon which resc^ea the reXiclonaX XeveX racjter quickly wlXX ^ 
prove more highly moclvatlng than thac which deals excenslvely wlch 
Che lower level necworks In Isolation. Tha Interdependence also means 
chat considerable pracclce with che lover level networks will be obcalned 

10 

< c 

' 4 
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in the concexc of use of che high«r level ones. ^ This should promoc« 
consolidacion and recenclon of earlier learning.^'' ' ^ 

A L*iini renjion for chese selecclons^ls Che foundation Ch6y provide 
for ocher networks. Some of che networks which mighc be bullc upon 

. 

chls .foundaclon are aldo^lndlcacec] In Figure Iv The class^rmember ^ 
network *±e a ^asls for IftCer-elemenc telat:lon8, chose ih which a 
TDfisber of o^e class iB telaced In a specified w^ to a cjlfferent 
eleroenc In anocher class (^.(t.* hytjra pr«y uPon daphn«a)> A speclallz^ 
Incra-elemenc relaclon^ che wholerparc relaclon, Is broadly applied In 
che biological sciences and f orns ^cbe basis of a network Involving che. 
fuocclon of che pare In.relaclon Co che activity of che whole. This 
network would probl&bly provide a point of departure for a' syscems 
network. Tha varlable^valua, clasa^mambar and parc-wholt networks ^ 
.lead Inco tfi« process-^ stagt network. , 

The varl'sble<^value network^ based on eaplrlcal variables^ and t;he 
Intra-^eletoenc relaclons network provides a foundaclon foV a cheoretlcal 
varlablV network co cover variabiles defined only In cerm^ of ocher 
variables (e.g., energy). Wlch che addition of the cheoretlcal variable 
network, the power of che sytcema network would be considerably Ittcreaaed. 

SCIENCE TASK OOHAINS " ' 
The analytic networks described above represenc crlcerla for the 
scruccural aspect of science outconee for the primary currlculuii. Thac 
Is, chey prescribe the kinds of concepte and conceptual systems with 
whl(:h children will leam Co function. As discussed above» che 
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Figur'e 1. interrelatlciM among analytic networks. 



f 1 

selection of nnaWtlc necvorks puts constraints on and Is suggestiv^ 
of rlu' npprntlnnnt aspect of the out comes ^ Specifications of the 
operational asp/cL take the fore of tasks defined for each analytic 
network. ^ 

Several methocis were eicployeci in obtaliilng taskd for the selected 
analytic networks. One DCthod uas the^ review and analysis of relevant 
literature and inaterlals^ One source wae extant Instructional programs 
u^lch Involve svstej^c content exemplifying the analytic networks ^ 
(McClaln & Smlthi 1970). Another source vas^ psychological arid ' 

educational literature related to the kinds of concepts Included in 
the network (Bnmer ct_al- , 1956; Xnhcldcr & Plaget , '1964) - The 
.performance requireoents froca these sources were described in terms 
of' the analytic networks to produce potentially useful tasks. 

A second laethod toade systemattc^ute of the coc^onents of the,^ 
network in generating new tasks* Since t^e cov^onents represent 
information or action which can serve as input or 6ntputj any two 

subsets of components represent the basis of a potentially usefut 

/ ' ' ' ' ' ' 

task^ Not all such combinations result- in meaningful tasks, however^ - 
Judgei^nt is required in applying ^he defined ^relations among the 
components of the network in the interpretat,loi\ of combinations as 
tasks ¥ # 

By taking all possible combinations^ of components, many tasks 
can be generated and a degree of completeness can be assured^ ^^Such 
a comprehensive analysis establishes a domain oi alternatives for tfte 
operational aspect of instructional outcomes and thus defines the 
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decisioos chat ctust be made. A jdostaln of altematl^ws also alloy's 

a detertslQatloQ of the represent At Iveness of ^ty given subset of 

tasks. SelectlQO of a representative eaiaple^ of teslcs Increases the 

•probability of Identifying g6nerall1|^bl« strategies and other skills. 

In addition to the Judgeisent Involved In Interpreting the 

coiGblnatlona of con^onents as tasks, decisions are required In . 

selecting from anong the large nus^'er of tasks generated. Skill 

analysis will provide the basis for loany such decisions. However, 

. 

some Initial selection of tasks which will define terminal outcomes 

for an Instructional compcnftnt Is required* Ideally^ these selections 
■ . • ' 

would Be made on the basis ^of analyses of the requirements likely to 

be made of the child In later 'Instruction, In his eveY^day life 

liv both the Immediate ettd distant future. 'Such analyses are not 

currently available, however, ^d say not even be possible at the 

present time. Thus, the selections represented by the task^ specified' 

below represent proteitsl6nal judgement. It should be Tecalled that 

these' selections were not made in Isolation, however. TheyT^ere made . 

\ * " . ^ * ' 

after the careful Selection of analytic neD^6t^ which appear to have . 
broad generality, and sgaiiist the backgromid of ^ relatlvejly coisprehen!islve 
domains of tasks for each network^ - ' - ' * 

The exercise of professional j;idgcmfet in the selection of t4sks 
Involvfed the application of the following criteria: 

i) Docs It represent accep^tal>le scientific inquiry? 
. 2> Does it have Informative value for the performer? 

3) Is it relevant to .higher level netvorjcs? 
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4) Is It amenable to strateglef useful to prloary s^ool 
dilldten? : , , . ' . ' 

5) Is ic aaenable to strategies appllcabX? to -the taslcs 
selected froa the other nitvorke? 

Tlrst priority vas s^vea to tasks vfdch appeared to neet both the 
^ relevance md the hierarchical criteria. Second priority xas given 
to t^lcs which inet only the ^erarchlcal criteria. Tasks which met 
only the relevance criteria were selected only when a network: was not 
adequately* represented otherwise. 

tSSK DOMAIN FOR THE VAKUBLE-VALOE NETWORK 

, The task domain for tnt variable-value network Is divided into', 
four subclasses: sliiple dtscriptloa^ qualitative cpcitparisoiL». aeri'ati^n^ 
and sortlns^ taiks. Only' the Coaponents of the yarl^ble^^alue network 
aay serve as Input and output^ Although, iteois for these tasks stay 
InvoJ^v^ more than one variable (e.g.^ a description on "deveral variables)^ 
no clacs rules -are 'Involved. ■ ^ 

Simple Deacriptlon Tasks' ^ * ' 

Simple description tasks Involve ^elements ^ ^values'.and observation/ 

measui^eiaent procedur.es. They involve variable^ nam^ . ^ese tasks^ ^ 

^- ' , ■ ' ■ ^ t 

■ - V 

deal vltli eleoent'Valiie relatlons\ but not with element^eleoent or 

" \ " * ' " . 

value-rvalue relations. 

Three slipple description tasks were selected for specifying science 

outcomes for the •primary currlouiin Csae Table 1)'. The nondlrected 

task represents a relatively high level of Independent Inquiry. It also 

requires the recall and selection of variables^ an important skill 



TABLE 1 



SIMPLE DESCRlPTtON tASKS 



ThBk Name 



Given Input 



.|bequircd Outi^ut 



Sttmp\o Item 



Element; ' ' 
Identification 



Directed 
Description 



Noadlrected 
Description 



*^ set of clewentg 

a value for d varlabib 



an elenent' 



^n obae rva t i 6n /mcaourcmcn t 
procedure for the variable 



a variable nune 



an eleven c 



an element descrilxed 4>y 
the given value 



an Qbaervation/weaauretaent 
procedure for the .nMed variable 



H --.PI 

Clven samp^l^s of oaltt ougar* flbuti 
odnd* and chAlk, **DoConnino which ftub-** 
aCDince id aoluble In water?*^ 



Given a mineral dpecimen* TDet^rtftitie 
dpd report the ha^rdneas o{ thia rock**' 



a value for the named ^variable 
which^de^cribeo the given element 



an obaervation/lMaaurement 
procedure fer m variable 



Given a leaf apecimen. **Deacribe * 
thlb leaf as completely at yeu can." 



a Value describing the given 
element on thtt Variable 
(multiple cycles* may be 
required) ■ - * 



I 

r 
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con^onenc In vaany hlglter level tAslc*. The iivectei description cask 
requires a response Co a variable aa»e ai do nany higher level casks. 



The eXe&ent Idei^elflcaelon task f raquently..^ fflSC^mrs In a variety of 
^fiBSSToom slttutlons, and iovolvea skill- covpooenta conon to many 
^Sber level tasks, naaely value decoding and aoM type of search 
strategy. ^ ' ' 



Cogparlson Tasks s 

Cocparlson casks lnvplv# relations between tvo or iBore.«ele&eQt8 
v^th respect to a specific variable. The values assigned :ta elements 
as a result of coapatisons raf«r to the relation between that element 
and a specific set of other elewnts. These relations may be .qualitative 
^ ^specify,tng only vasaerdtf farant judge»ants)^" or quantitative (specifying 
an morm^* Quantlittlve TS^atlons ,can be further subdiirlded into Ordinal, 
■interval and ratip relations. . Only qijalltatlve and ordinal quantitative 
-relations vill be considered further at this tlM. For aijq>llcity, 
''^ values. referring to qualitatiw ralations will be called corrtparcttive 
values (e*g,, soiae, different)* Those referring to ordinal relations 
will be called^ ordtnaZ vatmn if*%*f hotter, «ore dense, first, third). 

It should be noted that the applicability of conparative or ordinal 

* ' \ 

values* to an alaaent is dependent, by definition, on the set of elements 

with which thit element is comparad. CoBparison tasks therefore involve 

the specification of a set df altMnts as a given input or required 

■ - ■ " ■ ■ ' ^ 

output* 
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Two classes .^f conparlscm tasks bsve httn defined^ co^espoodlog 
to the two types of values: coteparttlve tasks and s^rlatlon tasks. 
Th^ coi^paratrive taake selected for the primary ^currlcultp are Usted 
lo Table 2. The oott-dlrected comparlasm t«k represent i a relatively 
.high level of lodepeadent iiuiuiry. It also appeara to pt aattsfactory 
vehicle for bulldlog skills required for sorting tasks.: The subset 

forciatloQ task was selected^ someubat arbitrarily, for .Its coatrlbutioo 

1 - i 

of skills. While the ooo-dlrected coaparlscm task Ihv^ilves recognition 

and description of relations betveen a gl^n set of el^Dents, the subset 

* ■ ■ j ' 

t . ^ j J 

selection task raqjttires the formation of. a at^sat of eXamants Mating 

^ ^ ■ . ; . 

specified comparative criteria^ Tba directed covpariaon task la Included 

j 

here because It proHdes a vahlda for aki3J:s raqoirad^for raspona* to 
variable names. These akllXa ara'raquirad 13x many higher lavel tmsks 
vfaera varlabli^sDias sarra as l^^ut or madiatlnt^ rasponaaa. , ^ .. . , 

Tha'aelectcd seriatim tasks era Uatad In Table 3. The non-^ 
directed serlatlon' task vas aalactadjiacauaa df the relatively high 

level of Independent inquiry, it rapresants and because it appears to . 

Incorporate skills Important in the discovery of relations between 
variables. Another aerlatlon task also appears to Incorporate skills 
Important to such discoveries, namely, the aerlatldn variable identifica- 
tion task, the^itected sarlatidn task vas included as a vehicle for 
the skills required In responding to variable names.. 

Sottlna. Tasks 

Sorting tasks, involve subsets 6f alamant% formed on the bases of 
similarity on a specific variable. The sorting tasks selected are 



TABUK 2 
COMP^UIATIVE tASKS 



Task Name 



Given InpuC 



f^equired OuCpuC 



Santple Item 



Comparison Variable a seC of elemencs 
. J Identif icacion 

a comparacive value 



Directed Cd^iarl^oa 



Mondlrected' ; 
CoBparlsSa 



Subset Fonna^jtoD 



a see of elemencs 
a variable name 



a sec of elements 



a sec of elements 

variable name 
a comparative value 



Jlhc name of n variable for which 
the given comporacive value char* 
aenerires Che relation between 

'Che giV^A)^ elements (aiulci(>le 

.cycles mav be required) 



Che comparacive S;alue charccer- 
ising the, ^elaCion becwef^n the 
-given elemenco on the named 
variable 



a variable Tvane 

Che comparative value character** 
i^ing the relation between the 
given elemento on the named vari- 
able (ttuItiTple cvcles may be * 
re(|Uirtid) 



a oubsec of elements oUch ch^c 
tjte relation between them on, Che 
^ifM^^d. Variable ^ia characteri^zed 
by the given , comparative value 



Given a bean f>lanc t a corn plane and 
a caccus. **In what ways are cfiesc 
plahcs Che same?** (<i*8*t color* 
means of aCCachmenc) 



Given a bean leaf and a corn leaf 
**Compare che shapes of these leaves.^ 
(e.g. « different) 



Given a mouBe* a frog* and a licard " 
**Cbmpare chese animals.** (e.g.* same 
nianber of legs* differenc body cover- 
ing) 



Given specimens of Ceech from a cow* 
a mi^nt a dog* and a raC. ' '*Pick out 
soote teech which have the same 
shape.** (<i*g*t the <laubie molars) 



SEMATIOlj/rASItS 



Task Name^ ■ 

— i: - 


Given Input' 

— — ^ 


ft^qulred OuCpuC* 


SampJ^tf^lcfem 


S«rlatlon Variable 
IdftnClflcaclon 


a sec of elc^menCs ordered . 
- such chac -*helr order 

correspoi^ds to chelr ordet 
— on a variable 


Che name of Che -V^jciaible 
on which Che eleMnCs ate 
.^ordered 


* ^- ; 

1 

Given a sec of plants ordered 
by helghc. **Why were these 
plants placed In Chls order?** 


^iT«cted S«rlatlon 


^a Bet of el«iient& 

^a variable ngmt. ^ 


Che set of elcMnta ordered 
'* on rhfi AAMed vairi.able 


1 Glve^i^ sec of mineral samples. 
**Place these samples In order 
according to chelr hardness.** 


\ ' ' ; 


-a B€t of elements 


the -sec of ftlemenCs ordered 
oh A variable 


Given a aec of" com seedl-lnct*. 
**Show a way that these B^^6Xing0^-^v^ - 
differ by placing zltvm -tfiTSTdcr.** 




■ I ■ 


1 






^V^r ^ ^ 







to 

o 



\ ■ 



O An observat;ionmea3ureTiiefft prbcedVT^ is requlri&d f^iSttpu;: for each task. 

ERJC . , ■ ; > ^ r > 



listed In table 4. These selections parallel tboae for tbe serlatlon 



casks. The non-directed sorting tuk stands on Its own as .an Inquiry 

■ * 

task While Jboth the non-dlrectad sorting and the sorting variable 
Identification tasks provide vehicles f<5r skills useful In discovering 
relations ainong varlablej;. The directed ^rtlng task Is Included to 
'^sure that sorting on T specific variable can be brought about tbropgb 
the ua^ of the variable nsae> 

THE TASK DOKAIi; FOR THE CUSS-HEXBSR HETUOSK 

tasks for the class<^esber network Involve clais rules by which 
- the applicability of a class nsMe to an elenent say be deterained. 
Several classes ot tasks have been distinguished. Eleaent claiisifl cation 
requires some Identification of class aeabersblp for a given elesent or 
eletoents.; Ke&ber speclflcatlcm tasks provide Information Identifying 
a class» but require specification of elettents which ar^ jusabers# Both 
of these task classes presuppose that a class rule Is known by or 

presented to ^the Individual performing the task. The third task claas 

> ■ * . ■ 

Involves Inferring a class rule* Elements, or description of thesis and 
Inforqiatlon as to whether or not they are memberr are provided as 
Input, while a.clasa rule accfountlng fQr the ?kem£irshlp information Is 
.required ss pucput. p 

Tas kS-lTMi^jtach of the -above classsa were selected (see Table 5). 



Three element classification tasks wsre selected. The non-directed 
'classlflcatl<^ task 'stands by Its'^lf as 'relstlvely Independent- inquiry 
while directed classification and partition ideiiilflcatlon provide 
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TABLE A 
SORTING TASKS 



Tas^ Name 



Givei^ Input 



RGquired Output* 



Sampla Itcme 



*Nondlrected 
Sorting 



Sorting Variable 
IdeotificatioQ 



Directed Sorl;ing 



a set of eleneitta 



■ ■ <^ • 

a act of ^l«t»eDta^ 
sorted into aubaec&' . 
oa a specific variable 



a^'^et of^^e^Mcnta 
a variable ilf^ 



the set 9orte4^ into subsets on 
a specific variable 



the nane of the variable on^ 
%ifaich the elemeata are sorted 



f 



t>he set s6rted Into subs<Ats 
oD the naibed varisble 



Glvon aamplea ot liquids differing 
in color^ vlscoaltv and opacity* 
"Sort these substances Into groups 
OD one variable." 



Given drawings of Irregular polygons 
dfffei^lng In area and nunber <^t sides* 
sorted by Dumber ot sides* **lIow 
have* these figures been sorted?" 



Given a set of s«all coMon objects 
and access (b\it not direction) to 
a container and watet^ "Sort these 
objects by their buoyancy.** 



• to 



'^*An ol?Lservation/«>easureiiient procedurfe i,s requited o^tput for <sA(;h taak. 

ERIC ; , . \ . , ' 
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TABLE 5 
CLASSIFICATION TAJKS 



Task 



biihent: classification 



Nondlrecced 
Claaslflcaclon 



Urecced 

plMBlflcacloQ 



MEMBER SPKCIFICATION 



Mfnnber Selection 



Rule Appllcaclon 



ERJC 



Given InpuC 



a sec of elenenCs 



an eleMttt. 



a parclcloQ m 



a sec of elenenCB 

a sec of elenieiiCB 
a' class rule 
a claas name 



Required Outpuc 



subsecs of elemenca by clasaea 
of a ^arclcion 



class 



for each auba.ec 



Che x^aae of che claas of Che 
1 ntee parclclon of whlcti che 
elttMnt Is a Maber 



Che eleMucCs) which la (are) 
a member of che na»ed clan^ 



che eleiDenc(^) ^whlch la a 
meaibeir of che named class 



Sample Icems 



L 



Glvtin picCurtia of mouncj 
deatircs, valltiya* ecc. "Qlaaslfy 
cheati plccurtis by placing chftm In 
groupa^ Rive a nmnti for «ach cXasa,? 



Clven a plccure of a rocky ^Inc^r^' 
tidal tone area ac £6^ tide# **NiW! 
che claas^of hablirac ahoun In cht 
plcCure/* * 



Clven plccurtis of rain* slti«c^ 
anoWf and fog. **Whlch plcCurft 
ahowa sleftt?'^ 



Given plccurea Qf^ dlrrua* stst^acusi. 
and c^ulUB clouds^ /^Clrrua cloud,d 
are feachery loo^l^g' and "occut only 
ac high alticudft's. Which, plccures 
ahowxlrrtia Clouds?** 



^Task Name 



Given Inp.UiV 



Required (Output 



-Sample' Itoms 



Partition 

Identification 



Itule Inference 



Subsets of eleinent.^ 
by the classes of a 
partition 



eleiDent designated 
as a iiieiiiber,(s) or 
noimemberCs} of a 
novel class 



I the"*class name 



the naiqe of the partition 



OX 



class naides for-each subset 



a class rule which accounts 
for the given class nevbershlp 
Information 



Given' sublets of pictures of reptiles ^ 
mammals^ amphibians and bLr<3&^ '^Tr.ese 
animals have bccti classified bv placing 
them In groups. Tell-how thov were, 
classified. 



Given sampled of Igneous » metonorpblc 
and sedimentary rocks. '*These (pojLnt 
to lgneou5^ rocks) arc Igneous rocks. 
These others (point to others) are 
pot. Give a Tulo for classlfvlng 
igneous rocks/* 



. -23- 

vehicles for additional skills* Tvo Msiber specification tasks were 

' -r - ( • 

selected. , Member selectit^ requires the individual to supply the 
class rule and repreaenti a frequently occurring cldssroom taak. The 
rule application task provides a rule. The skills involved in ^his 
task relate to coop rebeos ion of nev verbal information. The rule 
inferences task Is a version of the concept 'acquisition task widely 
thought to typify informal or contextual* learning. * >^ 

THE TASK DOMAIH F©it INTRA-ELaffiKI itELATIOH HETWOSK 

Tasks selected for the intra^eleoent relations domain represent 

■ ; i 

somewhat arbitrary selection from each' of four tasic classes. Rule 
application tasks provide a relational rule as input. The sele£^ted 
rule application task (see Table 6) also provides the name of one of 
the related classes and a^set of elements including- members and nbn* 
members of the named-^class. The elements must be presented such that 
membership in the name^/claks cannot be determined by use of the class ' 
rule for that, class. The required outppt includes specification of. 
members and non^members of the named class. , 

Prediction and explanstion tasks require a familiar relational 
^rule and Class name u- output. Ths selected pred£ction tfsk provides 
a partition name as Input while^the. explanation ^afk provides the name 
of one of tt^e-rslated classes. The forth class of tasks, rule discovery 
require a novel relational rule as output. The selected rule, discovery 
tusk provides a set of elements for which a relation. holds between 



Task Name 



Relational Rule 
Application 



Predict ion 



TABLE 6 ^ 
ISTRA-ELEMm HELATIOH TASKS 



.fixplanatl-on 



vGiven 



Inpii^ 



Required Output 



a tnlit relating 
ttembersbip in t^o 
;faiitlliaY classes - \ 

bhe nane^^tff^^one of 
ttie'^related classes 

a s^t of elements y 
(preaented So that 
nenbership' in the 
naaed (^laaSi tk 'not 
directly obaervable) 



the -iu»e^ of V 

^ppt'titlcm _ * 

. ' " ^ *. . 

an «J:4Mnt\(pr^s«nted 
so that its membership 
in classeaWf th^ 
named partition cannot 
be^ directly observed), 



a xlass name 

4 

an element which jls . a 
member of the named , 
class ' 



specification of those elements 
which are' members of the'nsme^ 
class 



the name of the^ class of the 
Bwmed pjirtltlon of which the 
given' element ia a menber 



th^ name of a related^ claas of 
which the elemi^nr is observed to 
be <a member 

a rule relating memberiihip in the 
two- classes 



SamKlc Items 



Given p^icturM df ^common wil4 bir4s. 
'"Birds *^ithyiUf/tt^ pointed bills are 
usually BjfM/iateTB. ^^litch of .these 
^Mrds gjrjjbfl5ly^at seeds'?*' 



Given' a' picture of a sea turtle. 
"In what kind of location would ^this 
animal lay Xts eggs?" « 



Given a ft^h (with 'observable gills). 
"How can you tell that tt*ts ahimal ' ^ 
lives in .water?" 



Task Name 



Clven Input 1^ 



Required Outtftit 



Sample Items 



Rule .Discoverv » 

V r 



.a sec of elpmertts for 
VtvLcly a relation- holds 
between membersHlp in 
two familiar classes 



s rule r^lstinp membership in 
the two clssses 



the names of the 
related partitions 



Clven a set of stunted (small) 
com plants growing in limited 
lights' snd a set "of no^al (largo) 
corn plahts growing In* bright ll^ht* 
'*What relation can yo'u find between 
the amount oi lipht and the size of 
the plants?** 
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Kfinbershlp In two fantXlar classes, saa tint i^Ames of the partitions of . 
which the related classes are coutituentt* ' * , *^ 

The relatlooal rule application task provides a vehicle for skills 
involved In CdBprehendlhg and utlHxlng rules from secondary sources as 
In problem solving. The other three tasks represent relatively 
. IndepeofJent Inquiry for primary 'children vtiUe providing a context for^ 
developoent of skills required for Higher level Inquiry tasks. 

; ' DISCOSSION 

The relation between task analysis cad behavioral analgia of 
performance requlremeati %ox given tasks vas mentioned sbove. As 
stated by fClahr and Walltc* ^1970, p. 360), "Tb* objective t<«k ^ - 
structure alona does not .yield a valid dascrlptloii of't^ aolutlon 
performance, and It Ir necessary to dlagnb^t^ti^ju^tuaX psychological 

• . . • ' ' ■ 

prock'ssM In gra*t detail to obtain minute dascilptlptia^oj''vttll 
supported inferences about the actual seqtence/Siid dontMt; '^he 
thlidcing process.'^ Rovavcr, the 'resource' rtqulrameiits f or such> ' 
analysis are sp great- thar cQn«lde|;abIa csre^»ist be-taken: tor^ 
maxlmlfee^'*th^ probability that, genaralls'able strataglies and skills 

will be identified. Procedures bave bitoa^i described above foi - 

' • ^ . ' " " ' ^ ^ *^ 
.stntiCtural analyses of content in ^trms of analytic nttwbrks imd 

Operational analyals in terms. of tasksv- These procedhrea'^tovld^ Ja , 

• * » * * * ■ 

Mtaos ot deflnljig a greatly reatricted domain fj>rVehaviotal/ analysis, 

^ * " ■ ' * ' 

a domain with c^nsidepable potential ^for tft^ iden^lflcaildii^of fbroadly 
'leherallreble strategies and skills. Where the time line for program 



0 



28 




development precludes exteoilve akille sMXysls, the ^rocedurefi provide 
a tDeans of generatlBg and deac^bing potential outcomes vfaich reflect 
the logical structure ofrclcTint coaceptu«l «y«te»8. 
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